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SPINAL ANESTHESIA. 
Senior Thesis. 
Uni. of Nebr. 1936 
Wiley C. Zinke 
Forward. 
Since no anesthesia has been found to be ideal, new 
anesthetics are frequently introduced into the field of 
medicine. Spinal anesthesia is one of the relatively new 
anesthetics given widespread consideration by the medical 
profession, and like other new developments it has many 
strong proponents and probably as many equally strong 
opponents. Since the introduction of this mode of anesth-
esia, many changes have occurred in the drug used, tech-
nique, dosage ete. Only with further study and increased 
experience will this procedure find its proper place among 
the forms of anesthesia. Since contemporary authorities 
differ so widely in their views, no attempt will be made 
to draw any definite conclusions as to the true value of 
rachianesthesia. 
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HISTORY. 
History. 
Like all other histories, the history of spinal anesth-
esia is well divided into more or less definite periods. 
The first period is logically the discovery of local 
analgesic drugs. Niemann, in 1859, discovered the alkaloid 
of "cocain". The discovery by Schraff, in 1862, of the local 
analgesic properties of this substance when placed upon the 
tongue was the second step forward in the history of this 
method of anesthesia. Koller, in 1884, suggested the applic-
ation of this local analgesic property to opthalmic and 
general surgical proceedures. (32) 
Following these discoveries many investigators through-
out Europe and America experimented with local anesthesia 
for surgical purposes. 
The second period is the experi~entation with cocain 
from the neurological point of view. Corning (1885) found 
that cocain when injected subcutaneously had prolonged anal-
gesic effects. He reasoned that the capillary blood stream 
was the important factor in diffusing the cocain through-
out the surrounding tissues after it had been injected and 
believed that cocain interfered with conduction by changes 
in the nerve substance. In his article he comes to the 
oonclusion that the capillary blood stream acts first as a 
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distributor and afterward as a diluter and remover of co-
cain. By this reasoning he accounted for the rapid decline 
in local anesthesia and the constitutional effects noticed 
after extensive injections. (14) 
Harley, 1870, showed that a poison such as strychnin, 
injected under the membrane of the cord, can act only through 
the intermediation of blood vessels, since, when the latter 
are separated from the cord, the solution remains entirely 
inert. (32) 
Corning is responsible for the earliest spinal cord 
medication. In 1885, he wrote, "It is my desire on this occ-
asion to draw attention to a procedure in therapy which, so 
far as I am aware possesses the meri t of novel ty." He be-
lieved it impracticable to introduce a hypodermic needle be-
neath the membranes of the medulla spinalis without removal 
of the arches of the vertebrae, so he injected the anesth-
etic between the spinous processes of the lower dorsal vert-
ebrae because he knew that in humans, numerous small veins, 
venae spinosae, ran down between the spinous processes of 
the vertebrae and entered the spinal cannal joining the 
vessels of the plexus spinalis interna. He was influenced 
by the above work of Harley and believed the anesthetic would 
be absorbed by these veins and give rise to anesthesia of 
the sensory and perhaps the motor tracts, similar to a "trans-
verse myeli tis"~ Using the above line of reasoning, he first 
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experimented with a dog, using cocain solution injecting it 
near the cord in the lumbar region. The dog showed marked 
incoordination, weakness, and absent reflexes in the poster-
ior extremities, while there was no effect on the anterior 
portion of the body. Gradually the effect of the cocain 
wore oft and in tour hours the dog recovered his usual health 
and walked without difficulty. Corning thought the local 
action was greatly favored by reason of the lethargy of the 
cir.culation of the lower part of the cord. The next experi-
ment was on a man suffering from "spinal weakness and incont-
inence". Under the influence of the anesthesia a sound was 
passed a a urethral electrode. The procedures were painless, 
although on previous occasions had caused considerable pain. 
This patient said that his legs "felt sleepy", tingled, and 
were numb. Corning elicited a great impairment of sensibil-
ity in the lower extremities, lumbar region, penis, and scrot-
um. This patient complained of some vertigo when standing 
with his eyes closed. There was no impairment ot gait and 
the patient could distinguish variations of pressure. Pat-
ellar reflexes were absent, throat and mouth were dry, and 
the patient complained of some headache. This patient recover-
ed in a li,ttle over an hour. In closing this article Corning 
states that he wonders if this method would ever find an 
application as a substitute for etherization in genito-urinary 
or other branches of surgery. (15) 
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Quineke, in 1891, found that it was possible to remove 
the cerebrospinal fluid after lumbar puncture apparently 
without danger to the SUbject. (58) 
Ziemssen, 1893, suggested the inj ection of medicinal 
fluids upon the spinal nerves and cord through lumbar punct-
ure. (32) 
Sicard injected into the subarachnoid space normal salt 
solution, tetanus toxin, morphin, and other substances, and 
in 1898 reported the results of his investigations. He con-
cluded that the SUbarachnoid space could receive relatively 
large quantities of fluid, and that the effects of such fluid 
injected in this manner varied in proportion to the amount of 
dilution and to the rapidity with which the solution was in-
jected. (32) 
Corning, in 1894, published an article on "The Irrigat-
ion of the Cauda Equina with Medicinal Fluids", in which he 
allayed some of the fear of others by stating that wounding 
of a nerve stem with a fine sharp needle was practically with-
out significance. Two patients were relieved of pain by 
spinal irrigation: one, a case of spinal irritation following 
a urethral operation: the 0 ther, a case of Cai sson t s di sease 
with vesical and abdominal pains. Corning attempted to de-
velop a good technique for spinal irrigation. He made use 
of the anatomical observation that the distance from the skin 
to the posterior surface of the transverse processes of the 
- 4. -
lumbar vertebrae was approximately equal to the distance form 
the skin to the posterior wall of the vertebral canal. After 
cocainizing the skin, a small needle with a sliding nut was 
shoved in, about one inch lateral to the mid-line until it 
struck the transverse process. The nut was then shoved just 
against the skin and the needle removed. The measurement 
was taken and transfered to a large canula with a similar 
sliding nut, subtracting one or two millimeters as a margin 
of safety. The canula was introduced between the dorsal 
spines until the sliding nut just came to rest on the skin, 
when a hypodermic syringe was connected and the fluid inject-
ed. (16) 
The third period of spinal anesthesia may be considered 
as the application of the analgesic effects of cocain upon 
the cord to surgical op~erations below the diaphragm. Corning 
in his original article suggested the application of spinal 
anesthesia to genito-urinary and other branches of surgery 
but no such application had been made until Bier, of Kiel, in 
1899, demonstrated the feasibility of spinal anesthesia as a 
surgical anesthetic. Bier observed the effects of analgesia 
on himself, his assistants, and six patients. Lumbar punct-
ure after the method of Quincke was employed. The passage 
of the needle was rendered painless by means of Schleich's 
infiltration. He used two cubic centimeters of a one per cent 
solution of cocain. The publication of Bierts work led to 
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the immediate adoption of the method by many surgeons through-
out the civilized world. (32) 
Tait and Caglieri are credited with performing the first 
surgical operation under spinal anesthesia in America, on 
October 26, 1899. Osteectomy of the tibia, in a patient fifty-
four years of age, was performed without pain or discomfort 
and with no unpleasant after effects. One cubic centimeter 
of a three-fourth per cent solution of cocain was employed. " 
(58) 
Tuffier, a French surgeon, is given credit for "popular-
izing" spinal anesthesia. He applied the method to the lower 
ex tremi ti es , geni to-urinary organs, and abdomen. Spinal 
anesthesia then was taken up on a wave of enthusiasm and the 
scope of its application extended. It was employed on young 
and old for divers conditions, and with varying degree of skill 
and success. (58) 
Bier, in 1900, protested against the indiscriminate app:... 
lication of the new anesthetic and made a plea for refinement 
in technique, less toxic drugs, and more careful selection of 
cases. He also suggested the application of the procedure to 
operations upon the entire trunk and arms. (32) 
Kreis, in 1900, is credited with the first application 
of spinal anesthesia in the practice of obstetrics. In the 
same year Marx reported several cases of obstetrics in which 
he employed lumbar cocainization producing analgesia wi thout 
danger to mother or child. However all of his patients 
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showed some general disturbance as nausea, vomiting, severe 
headaches, throbbing and fullness in the head, increased pulse 
rate, chilling,f,and elevation of temperature to as high as 
one hundred and three degrees Fahrenheit. Marx ran a control 
with saline solution, obtaining slmila~ after-effects and 
concluded from this that the general symptoms were due to a 
disturbed intraspinal pressure. He was able to control the 
after-symptoms with one one-hundreth grain of nitroglycerine 
alone or combined with small doses of morphine. He observed 
that there was no motor disturbance to uterine contractions 
and also that there was no spontaneous bearing down. The 
abdominal muscles were not voluntarily called into action, 
but on command they were used as powerfully as if no cocain 
had been used. He further observed that there was an increase 
in escape of spinal fluid during a uterine contraction if 
the needle was left in the spinal canal. (45) 
Marx in another article of the same year brings out 
many interesting and practical points. He gives credit to 
Corning as the originator of the operation for spinal anesth-
esia with cocain but believes the solution should enter the 
subarachnoid space instead of just being injected in the 
neighborhood of the cord. He reports thirty obstetric eases 
in which there were no immediate or remote dangers and in which 
convalescences were ideal. All children alive before deliv-
ery were born alive and well. Marx put his patients in the 
scorching or bicycle position, explaining that with the back 
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arched in this manner, the spaces between the vertebrae were 
increased. He made his puncture trom the convex side and ex-
plained that for suocessful anesthesia, there must be an es-
cape of cerebrospinal fluid before the cocain is injected, 
this being an absolute guide that the needle is in the space. 
(46) 
In a third article of the same year, Marx states that 
there are only two dangers in spinal anesthesia--sepsia and 
cocain poisoning. To overcome the sepsis he recommends a 
surgically trained aseptic operator give the spinal anesthesia. 
To prevent some of the gastro-intestinal symptoms he advises 
emptying the patients stomach for some time prior to the 
puncture. (47) 
Bainbridge, in 1900 and 1901, reported several cases of 
spinal anesthesia employed upon children varying in ages trom 
four months to eleven years. In these children there was no 
loss of motor power, muscular sense, tactile sense or thermal 
sense. (5 & 6) 
Bainbridge (5), in summarizing fifty surgical cases under 
spinal anesthesia draws the following conclusions: 
1. Cocain is far more satisfactory than eucaine Eucain 
is more evanescent, less potent and less reliable than cocain, 
and produces patchy areas of analgesia. 
2. Moderate dose of a potent solution of cocain produces 
dependable analgesia to the level of the diaphragm. 
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3. Complete analgesia, including eyes, mouth, and throat 
can occur but with no more severe after-effects. 
4. Preparation of a patient as for a general anesthetic 
diminishes all unpleasant effects of cocain and eucaine 
5. Moderate doses of brom~des before the injection less-
ens the initial vomiting and liability of headache. 
6. There is little danger of introducing 'Vomitus into the 
lungs because consciousness and muscle power are retained. 
7. Analgesia lasts from thirty minutes to four hours. 
8. Use of ethyl chloride will prevent the pain of intro-
ducing the needle. 
9. The few cases of motor paraplegia or vertigo are temp-
orary. 
10. Spinal anesthesia has no effect on normal or diseas-
ed kidneys. 
11. Usually tactile power, muscular sense and thermal 
sense are retained • 
. ; The fourt.h and final period to date in the history of 
spinal anesthesia is concerned with the application of spinal 
analgesia to parts above the diaphragm and experimentation 
with new drugs. In this period we also find many modificat-
ions of technique and a verification of earlier results by 
a large number of clinical cases. 
'fait and Caglieri, in 1900, proposed the f'low cervical". 
sixth cervical space, as a practical route leading to the 
- 9 -
subarachnoid space. They reported three cases using this 
route without untoward effects and no complications weeks 
later. They belie.ed that liquids injected by lumbar punct-
ure diffuse rapidly toward the different cavities of the 
brain and subsequently reached the cortex. As precautions 
they recommended a freshly prepared solution, injected slowly 
at thirty seven degrees Oentigrade, and never more than three 
cubic centimeters in the injection. They concluded that the 
extent and duration of analgesia was in direct proportion 
to the amount ot drug injected. (56) 
Morton, in 1901, reported several operations above the 
diaphragm under spinal anesthesia. He was so enthusiastic 
over the procedure that in 1901 he wrote, a1 think we have a 
safe and dependable procedure good for any surgical operation 
on any portion of the body, regardless of age, sex, or dis-
ease and there are no contraindications." Morton believed 
that the height to which the cocain extended in the space 
depended upon the Telocity and direction the solution entered 
and upon the relative specific gravities of the cerebro-spinal 
fluid and the cocain solution. (50) 
Gwathmey, in 1903, used strychn1n hypodermically as a 
resp1ratory stimulant in conjunction with spinal anesthesia. 
(32) 
The next great worker and strong proponent of spinal 
anesthesia was Jonnesco. In 1909 he advocated puncturing at 
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the level of the spinal column appropriate to the region tobe 
operated upon but believed the med10cervical puncture usel ess 
and dangerous and the mid dorsal puncture difficult and use-
less. He preferred stovaine but thought tropacocain or novo-
caine to be equally efficacious. To ~is solution he added 
strychnin, believing it to make the solution tolerable to 
higher nervous centers, thus preventing respiratory failure 
and preserving the full antiseptic power of the solution. 
In this article he says the procedure is safe, never has caus-
ed death, has no contraindications, has never produced any 
important complications early or late, and is infinitely sup-
erior to inhalation anesthesia. (36) 
In 1910, Jonnesco became quite indignant and said, If It 
is an error to confuse lumbar rach1anesthesia. conceived by 
Corning and popularized by Bier, with my method." He consider-
ed his method to be new and distinctive because spinal anesth-
esia was adopted to all operations on any part of the body. 
This he had been able to accomplish by adding the stryehnin 
sulphate to the solution preventing medullary paralyses. In 
this article one thousand three hundred and eighty six cases 
were reported without any deaths or grave accidents. (37) 
Babcock, 1904, is believed to be the first surgeon to 
adopt spinal anesthesia as a routine procedure. (51) Since 
that time Babcock and Boyd have performed over twenty thous-
and operations under spinal anesthesia. In the year 1912 
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this procedure was limited largely to the aged and patients 
who were considered poor risks for general anesthesia. 
In the past twenty five years enormous amounts of ex-
perimental work and clinical observations have been publi$ned. 
Many drugs have been e.tudied in order to find the one of 
highest efficiency and lowest toxicity. Numerous experiments 
have been conducted in an attempt to make absolute localiz-
ation of anesthesia possible, using alcohol, sugar, and other 
substances 1n combination in the injected solutions to raise 
their specific gravity. The effect of posture, speed of in-
Jection, volume of injection, and removal of Tarying amounts 
of spinal fluid prior to injection have been observed, checked 
and counter-checked. The use of adrenalin and ephedrine to 
cQmbat vasomotor phenomena has been suggested and established. 
Countless references were found relative to the care of the 
patient before, during, and after operation. Much has been 
written relative to complications, their cause. prevention, 
and treatment. The concept of the medical profession regard-
ing the above developments is constantly enanging and anesth-
esia is, as yet, far from stable. Opinions vary from one 
extreme as expressed earlier in this thesis by Morton and 
Jonnesco to the other expressed by Murphy who declares the 
method to be highly dangerous and he would "almost suggest 
statutory action against it." (32) 
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INDICATIONS AND ADVANTAGES. 
Indications and Advantages. 
The indications and advantages of spinal anesthesia are 
so closely related that it is convenient and logical to dis-
cuss them together. Needless to say many advantages and in-
dications put forth by capable workers are often disputed by 
others equally capable, so both opinions will be attempted 
to be expressed. 
The chief indications and advantages which have been 
offered are: 
1. Complete relaxation of skeletal musculature. 
2. "Abdominal Silence." 
3. Low systemic toxicity. 
4. Cases in which inhalation anesthesia is contrain-
dicated. 
5. Inexpensive equipment. 
6. Surgeon can be his own anesthetist. 
7. Surgery below umbilicus. 
8. Acute abdominal conditions. 
9. Upper abdominal surgery. 
10. Obstetrics. 
11. Complete analgesia. 
12. Mortality rate lowered especially in acute appendic-
itis, perforated ulcer, intestinal obstruction, and strang-
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ulated hernia cases. 
13. Cases benefited by lowered blood pressure. 
14. Shock almost entirely eliminated. 
15. Electrical apparatus may be used without the danger 
of explosion. 
16. Lessened post-operative discomfort. 
17. Patients are able to take liquids and carbohydrates 
before, during, and after operation. 
18. Complications are reduced. 
19. Post-operative hernia is less frequent. 
20. Post-operative ileus is rare. 
21. More pleasant for the patient. 
Relaxation of the abdominal muscles is more complete than 
with any other form of anesthesia. The intestines become con-
tracted, peristalsis is increased, sphincters are relaxed, and 
the necessity for forcibly packing away distended intestines 
is thus avoided. Therefore, the work of the surgeon is greatly 
facilitated, for he can operate more quickly, with greater ease 
and with less trauma. In cases of ruptured viscera such as a 
gangrenous appendix or perforated peptic Ulcer, the surgical 
procedure may be carried out with minimum dissemination of the 
infected material. Hernias and similar operations are simpli-
fied greatly by the contracted state of the intestines and the 
relaxed abdominal wall. (53) Relaxed skeletal musculature 
also aids in setting fractures. (4) 
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The "abdominal silence" is due to the action of the in-
jected drugs on the rami communicantes of the sympathetic 
nervous system. The sympathetic fibers are the inhibitors 
of intestinal peristalsis, acting as antagonists to the para-
sympathetic pressor fibers which are carried in the vagus. 
The injected drugs acting on the sympathetics remove their 
inhibitory effect causing the intestines to be contracted by 
the vagus. Since sympathetics carry the motor fibers to the 
sphincters of the intestines, under spinal anesthesia, the 
sphincters are relaxed. It is this "abdominal silence" and 
above mentioned muscular relaxation which so greatly simpli-
fies abdominal surgery. (53) 
The systemic toxic effects are greatly reduced in spinal 
anesthesia. This is obviously advantageous in any operation, 
but particularly in metabolic diseases such as diabetes mellitus, 
in kidney and liver disturbances, in blood disorders and in in-
fections. Russell prefers this method over ether anesthesia 
for operations on kidney, bladder and rectal diseases, espec-
ially if of the tuberculous variety because of the non-irritat-
ing nature of the anesthetic. (53) Pitkin believes inhalation 
anesthesia is dangerous both locally and systemically, because 
of the irritating nature of the drugs so administered, on cases 
of asthma, cardiac decompensation, diabetes, tuberculosis, 
nephritis and acute chest cases. He recommends spinal anesth-
esia as the one of choice on such cases. (51) 
- 15 -
Cosgrove also lists as an important advantage of spinal 
anesthesia, its absence of respiratorY,cardiac)hepatic, and 
renal irritation. (18) 
Most observers agree that there is less after-sickness 
with spinal anesthesia than with other general anesthetics. 
(53) The slight nausea or mild vomiting which may occur are 
usually short lived and are comparatively rare phenomena. 
Only a small amount of the drug reaches the general eirculation 
and consequently the systemic action is almost negligible. 
The uncomfortable dizziness: and concomitant symptoms experienc-
ed on "eoming out" of a general anesthetic are largely elimin-
ated. (53) The restlessness, distension, thirst. and parched 
mouth so common with general anesthesia are seldom found. (48) 
Major surgery becomes possible in many eases where inhal-
ation anesthesia is contraindicated. Spinal anesthesia is part-
icularly applicable where operative intervention is required 
in the presence of pulmonary affections, especially asthma, 
emphysema, bronchitis, tuberculosis, and in many cardiac and 
vascular diseases. This is in reality a repetition of the afore~ 
mentioned advantage of low irritability and low systemic toxic 
action. 
The equipment is very inexpensive and the surgeon can be 
his own anesthetist. (51) The materials needed are antiseptics 
for skin sterilization, the drug, a sterile needle and syringe. 
Usually, however, the operator should be supplied with a small 
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needle and novo cain to anesthetize the skin. A sphygmomanometer 
is also helpful in following the blood pressure of the patient. 
The fact that a surgeon may be his own anesthetist is valuable 
when the operation is an emergency or when the operation must 
be pertormed in the absence of a trained anesthetist, but this 
is the unusual rather than the usual case, and many articles, 
especially those of the last few years insist that spinal 
anesthesias are major procedures and should be performed by 
trained anesthetists. 
Many surgeons show no hesitancy in using certain cases of 
surgery below the umbilicus but will not use spinal anesthesia 
for surgery of the upper abdomen or th)~". Russell says that 
spinal anesthesia finds its greatest use in surgery below the 
umbilicus. He employs this form of anesthesia for hernias, 
especially in patients in whom satisfactory relaxation of the 
abdominal muscles cannot be obtained with ether. He further 
stated that spinal anesthesia was dependable for most operations 
upon the pelvis both in males and females and that the method 
was also well adapted to prostatiC surgery because it can be 
• quickly and easily administered. He also believed the method 
to be ideal for surgery upon the lower limb. (53) 
Spinal anesthesia has many advocates who recommend it for 
acute abdominal conditions. Pitkin believed acute abdominal 
cases responded better to spinal anesthesia because the 
sphincters were relaxed, peristalsis increased, acidosis lessen-
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ed and distension less likely to appear. (51) Cosgrove (18) 
also recommended it for certain emergency operations upon the 
abdomen because of the fact that there is less bleeding under 
spinal anesthesia. The relaxed abdominal musculature and con-
tracted intestines reduce trauma, facilitate the surgeon so 
that he can operate more quickly and with greater ease, and 
these factors may mean the difference between life and death 
in an acute abdominal case. McKittrick, McClure, and Sweet 
believe the method to be contraindicated in perforations of 
the intestines because through its effect on peristalsis, 
intestinal contents may be emptied into the abdominal cavity. 
(49) 
Surgery of the upper abdomen is always accompanied by 
the possibility of post-oprative pulmonary complications. The 
inavoidable trauma and irritation results in a certain amount 
of diaphragmatic fixation, which, in turn, causes a greater or 
lesser degree of pulmonary stasis. This stasis, plus the 
irrit~nt action of inhaled anesthetics, plus again the potent-
iality of infection always present in the lung fields, led to 
a large number of post-operative pneumonias, bronchitis, and 
similar conditions. The danger of aspiration of foreign 
material during inhalation anesthesia and necessarily impaired 
nutrition before and after operation with this type of anesth-
etic, are contributory factors. Elimination of some of the 
above factors, such as pulmonary irritation, danger of aspir-
ation, and impaired nutrition would naturally tend to reduce 
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the incidence of such complications. Is is believed that spinal 
anesthesia does eliminate the above-mentioned factors and 
statistical evidence pOints out a marked reduction in pulmon-
ary complications. The qUieter field of operation reduces the 
amount of trauma necessary to obtain satisfactory exposure 
surgically and is thus also operative in the reduction of these 
complications. Sise, Cambell, Goodman, Boyd, Babcock, and 
others would seem to have definitely established the fact that 
pulmonary complications are much less frequent where spinal 
anesthesia is used. On the other hand, Brown and Debenham (11) 
observed a greater percentage of such conditions with the method. 
Their statistics indicated that these complications were 4.29 
times as frequent after spinal anesthesia. They attribute this 
to the slow respirations, increased viscosity of the bronchial 
secretions, and the fact that the patient remains qUiet for 
some time after operation. In the majority of instances, 
atelectasis was the complication found. They observed that the 
closer the operation approached the region of the diaphragm. 
the greater was the incidence of post-operative pulmonary com-
plications. McKi tt,rick, McClure and Sweet also record the in-
cidence of pulmonary complications after spinal anesthesia as 
at least just as high as after inhalation anesthesia. (49) 
Wolf favors spinal anesthesia for operations upon the 
lower rectum and anal canal. He dislikes gas and oxygen alone 
because the patient moves a great deal and the sphincter is 
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rigid. Using only a small quantity of reagent in one cubic 
centimeter of spinal fluid, he produces a saddle shaped area 
of anesthesia including the anal canal. The duration of the 
anesthesia is as long as that produced by much more of the drug 
dissolved in far greater quantities of spinal fluid, and the 
legs and feet are unaffected, only two or three sacral nerves 
being involved. He states that there is a relaxation of the 
sphincters, absence of sensation, no interference with digestion 
afterwards, and no change in blood pressure. In his article 
Wolf states, III believe that except of physic reasons inhalation 
anesthesia is doomed to pe discarded." (59) 
Shields employs spinal anesthesia in much of his work in 
thoracic surgery. He reports using this method on fifty-five 
lower thoracoplasties, twenty-five pulmolobectomies, five 
thoracotomies- for lung abscess, five exploratory thoracotomies 
for carcinoma of the lung, three diaphragmatic hernias, and 
one diverticulum of the lower end of the esophagus. Using this 
anesthesia he observed some cyanosis but never severe dyspnoea .. 
He states that oxygen if used throughout the operation is very 
helpful. The cough reflex was not seriously disturbed and 
patients were able to clear their secretions fairly well. The 
circulatory depreSSion was less frequent than anticipated. 
Shields lists five features in favor of this anesthestic in 
thoracic surgery. (54) 
1. The induction is a short and Simple procedure and 
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suction of the larynx is unnecessary. 
2. The operation is performed more quickly and with less 
blood loss. 
3. The operative field is quiet with no mediastinal 
flutter. 
4. Patient may hold his breath on instruction. 
5. Patient is returned to bed fully conscious and able to 
clear secretions which collect. 
Pitkin employed spinal anesthesia in obstetrics, using 
a heavy solution and obtaining anesthesia of the cervix, 
vagina, vulva, and perineum. He observed that uterine con-
tractions were not inhibited although pain Was abolished. As 
the hypogastric plexus is not anesthetized it causes greater 
relaxation of the soft parts, quicker and easier deliveries, 
less trauma and fewer lacerations. Pitkin believed it afforded 
greater protection to the mother and the child. (51) Cosgrove 
believed the preservation of uterine tone under spinal anes-
thesia lessened the tendency toward hemorrhage during and after 
the third stage of labor. He also liked the preservation of 
consciousness which permitted a degree of voluntary cooperation 
by the patient. The absence of renal and hepatic irritation 
is beneficial too, as both of these organs are under strain 
in pregnancy. No deleterious effect on the fetus was observed. 
Cosgrove recommended this anesthesia especially for cases 
exhibiting hepatic or renal toxemias and for those cases in 
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which cardiac insufficiency complicated pregnancy of labor •. 
In the last mentioned condition, shock is eliminated and the labor-
ing heart is relieved by a lowering of the blood pressure. (18) 
On the other hand, Greenhill reports that the uterus may 
fail to relax when this becomes necessary and that in more 
than fifty percent of cases spinal anesthesia retards labor, 
necessitating operative intervention. He also states that 
pregnant women are especially susceptible to complications 
after spinal anesthesia and in support of this view quotes 
Winter, Konrad, Pankow, Heim, Babcock, De Lee, Brindeau, and 
Lull. The article also goes ahead to say that this method can-
not be used in cases of shock due to intra~abdominal hemorrhage, 
abruptio-placenta or other causes. (30) 
Complete analgesia, naturally, is the primary qualification 
of any anesthetic. With sub-arachnoid injections of an anesth-
etic drug the pain pathways from the peripheral nerve endings 
to the thalamic centers are suecessfully blocked, since the 
dorsal roots of the spinal cord are bathed in the solution. 
For this reason any procedure may be carried out, below the 
action of the drug, without causing any pain. (18) On the 
other hand, protopathic sensation may be entirely blocked while 
the other components of the nerve root are functioning more 
or less normally. As a result the patient may eXPerience sen .. 
sat ions of "pulling" or pressure, which may be interpreted 
by him as pain. Varying concentrations of injected solutions 
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are known to have a great deal 0 f influence on this "fractional 
blockage", and it is possible to eliminate eompletely the 
sensory impulses. (24) Authorities agree that complete anal-
gesia below the point of injection is practically a constant 
feature of a successful spinal ~~esthesia. 
The mortality rate of spinal anesthesia in comparison 
with other general anesthetics is a point upon which authorities 
disagree. However, most authorities believe than on certain 
selected types of cases as perforated uloer, intestinal ob-
struction and strangulated hernia cases the mortality is def1nit-
ely lowered. Fos's and Schwalm (28) have wri tten an interesting 
article representing four thousand corisecutive major operations, 
all below the diaphragm, one half of them performed under ether 
anesthesia and the other half under spinal anesthesia. The 
types of operation and lesions were equally divided and one 
surgeon handled all the cases, except for a few handled by an 
assistant. Trained anesthetist were employed in every case. 
The following are tables taken from their series of cases: 
Two thousand consecutive operations under Spinal Anesthesia. 
Deaths-------------------140 
Mortality----------------7fo 
, 
Deaths in operating room-l 
Percentage of deaths under 
spinal anesthesia in the op-
erating room to total deaths 
.under spinal anesthesia--O.7lfo 
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Two thousand consecutive operations under Ether Anesthesia. 
Deaths--------------------137 
MortalitY-----------------6.85~ 
Deaths in operating room--10 
Percentage of deaths under ether 
anesthesia in the operating room 
to total deaths under ether 
anesthesia----------------7.3~ 
Final corrected mortality. 
Note: Ten patients having had spinal anesthesia 
died subsequentlY to secondary operations performed under 
nitrous oxide, ethylene etc. With these eliminated mortality 
stood: 
Spinal Series 
6.5 
Ether Series 
6.85 
In the first four hundred cases of acute appendicitis 
under spinal anesthesia, Foss and Schwalm reported the mor-
tality was thirty three percent less than in the preceding 
four hundred cases under ether. Similar reductions in oper-
ations for perforated ulcer strangulated hernia, and acute 
intestinal obstruction were noted. In their article, they 
state, "We are convinced that, at least with acute abdominal 
emergencies, the far greater ease and celerity with which 
the operation can be performed clearly exerts a positive in-
fluence in reducing the operative mortality." They condemned 
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a large number of papers opposed to or in support of spinal 
anesthesia and containing conclusions based on unsupported 
opinions rather than on a thorough, comparative analysis of 
hospital morbidity and mortality as being far from helpful 
and often misleading. (28) 
Rapoport reports, "every fatality from spinal anesthesia 
can be avoided if sufficient care is used. ft Sullivan states, 
"the harm done by spinal anesthesia is proportionate to the 
skill of the anesthetist. fl· (52) 
Lundy, of the Mayo clinic, has computed statistics from 
four thousand consecutiye operations, half with spinal and 
half with ether. He states that post-operative deaths were 
much more common with the ether than with the spinals in their 
series and that the deaths in the operating room with ether 
exceeded those with spinal by a ratio of ten to one. However, 
the ultimate death rate was practically the same for the two 
methods. (43) 
Russell (53) believes that spinal anesthesia is the 
anesthesia of choice in cases of high blood pressure if there 
is no pronounced evidence of cardiae disease. He also re-
commends it for eases having a tendency toward embolism be-
cause of its lowered or normal blood pressure. Lowered blood 
pressure is beneficial in such cases as aneurysm and diseased 
myocardium. Cases of myocarditis as diagnosed by electro-
cardiograms go through their operatiQn with less jeopardy and 
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a better prognosis under spinal anesthesia. There is no 
strain on the diseased myocardium from labored respiratory 
efforts, increased pulmonary congestion or post-operative 
cough. Respirations are quiet and slow and post-operative 
stimUlation is rarely indicated. (48) 
Shock is almost entirely eliminated, for conductivity 
of impulses from the periphery to the brain is temporarily 
abolished. Cosgrove (18) says, "there is a minimal penetration 
of shock impulses to the cerebral cortex. II McCormack (48) 
says there is an absence of surgical shock and that the pulse 
and blood pressure show little change except from a causative 
factor such as hemorrhage or in greatly debili tated patients •. 
Greenhill, however, states that frequently there is a pro-
nounced fall in blood pressure which may be acc9mpanied by 
Vomiting, restlessnesstp':li\l;J.or~ cold sweat, weak pulse, shallow 
respirations, and sometimes unconsciousness. (30) Crile (21) 
believes surgical shock to be due to transmission of impulses 
from traumatized tissues to the cerebral cortex, resulting in 
reflex vasomotor dilatation and oligemia. Spinal anesthesia 
would tend to prevent shock, if such is the mechanism, by 
throwing up an effective barrier between the traumatized tissues 
and the cerebral cortex. Other authorities (55) believe that 
surgical shock is the result of the release of histamine or 
some similar SUbstance into the bloodstream from the trau-
matized tissues. The minimal absorption of the anesthetic 
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would be an advantage if the latter mechanism is the true 
cause. If histamine intoxication is the cause, it is logical 
to suppose that the least possible systemic reaction to an 
anesthetio would be desirable. Then, too, with spinal anes-
thesia there is less trauma due to better exposure and con-
sequently less histamine liberated from the tissues. 
With certain of the inhalation anesthetios, great caution 
must be exeroised in insulation, grounding, etc., and in the 
use of eleotrioal apparatus. No such preoautions are necessary 
when spinal anesthesia is employed. 
Most authorities believe there is less post-operative 
disoomfort with spinal anesthesia. There is a great difference 
of opinion in regards to post-operative pulmonary oomplications 
and this has already been discussed; Pitkin, McCormack and 
others believing they are greatly reduced; Brown and Debenham 
believing they are five times more frequent; and Foss and 
Schwalm, and Greenhill believing they occur about the same in 
spinal and ether anesthesia. Cosgrove (18) in his series noted 
a relative freedom from post-operative nausea and ileus and an 
immediate post-operative ability to ingest nutriment. MOCormack 
(48) obsenved an absence of post-operative nausea and vomiting 
in comparison with inhalation anesthesia. He also noted an 
absence or infrequency of perSistent post-operative vomiting, 
profuse perspiration, abdominal distension, restlessness, 
agonizing thirst, and parched mouth. On the other hand, 
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Greenhill lists nausea and vomiting as one of the disadvantages 
of spinal anesthesia. (30) 
Patients are able to take liquids and carbohydrates be-
fore, during and after the operation. Dehydration and acid-
osis are thus avoided. There is less need for catheterization 
and less risk of cystitis and pyelitis. McCormack (48) says 
that preoperative fast and catharsis is unnecessary in spinal 
anesthesia except when indicated by the operation, namely in 
gastrectomies, etc. This added nourishment in the preoperative 
period is of marked advantage to the patient. Fluids can be 
given freely before and during the operation which accounts 
for the marked absence of post-operative acidosis and alkalosis 
in spinal anesthesia. The normal fluid intake prevents de-
hydration and there is no secondary depletion of the blood 
chlorides as so often occurs following the surgical shock 
associated with inhalation anesthesia. The taking of fluids 
expedites the excretion of excess nitrogenous waste products 
and tends to prevent the anhydremia that accompanies the tox-
emia of surgical febrile conditions. 
Proponents of spinal anesthesia contend that complications 
are reduced but there are divers opinions upon this matter and 
the subject can be better discussed later. 
Most writers agree that cases of post-operative hernia 
and ileus are less frequent under spinal anesthesia. McCormack 
(48) wri tes, "Acute postoperative gastric dilatation is im-
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pressively less, probably because in general inhalation anes-
thesia there is often prolonged use and repeated manipulation 
of abdominal packs and retractors in th.e unrelaxed and heaving' 
abdomen producing splanchnic shock." He also states that the 
stimulation of intestinal peristalSis and relaxation of the 
sphincters prevents adynamic ileus. 
McCormack (48) believes that the mental attitude of the 
patients toward spinal anesthesia is better than that towards 
ether. He says that when the patient ~s assured that a general 
anesthesia is not going to be ministered, he shows less appre-
hension and fear because he does not tlhave to be put to sleep.'t 
Foss and Schwalm (28) sent a questionaire to five hundred con-
secutive spinal anesthesia cases. The results are as follows: 
Have you ever had ether? 
Yes 185 
No 217 
Gas 1 
Unanswered-3 
---........ -
406 
If you were to be operated upon again would you choose 
spinal or ether? 
Spinal 335 
Ether 48 
Questionable~ 
406 
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CONTRA-INDICATIONS 
.. ~ 
Contra-indications. 
As with the advantages and indications for spinal anes-
thesia, there is a wide variation of opinion in regards to the 
contraindications. Those conditions which are considered by 
some to be definite contraindications are considered by others 
to be just as definite indications for its use. 
The most common contraind1cations cited aret 
1. Dillease of the cerebrospinal system. 
2. Suppuration at the site of injection. 
3. Shock. 
4. Profound anemia, cach~ia, and moribund cases. 
5. Sepsis with positive blood culture. 
S. High blood pressure. 
7. Low blood pressure. 
8. Highly nervous and sensitive indivduals. 
9. Visceral perforation. 
10. Cardiac decompensation, massive pleural effusions, 
and cases with markedly increased intra-abdominal pressure. 
11. Senility. 
12. Childhood. 
13. Obesity. 
14. Critical 'or unfavorable community. 
Disease of the cerebrospinal system as meningitis, cranial 
or spinal hemorrhage, tumors, and syphilis are definite eontra-
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indications unless the patients are made to understand that 
Mthe anesthetic will not stay the progress of the disease. "(4) 
Rapoport (52) says there are no contraindications except a 
moribund condition of the patient and disease of the nervous 
system. 
Suppuration at site of iinjection has been recognized by all 
authorities as a contraindication because of the obvious great 
possibility of extending the infection to the nervous ~ystem. 
Spinal anesthesia is poorly borne by patients in shock, as 
is of course, every form of anesthesia. Most surgeonstbelieve, 
however, that shock should be relieved before an operation is 
undertaken •. Should operation be immediately indicated in the 
presence of shock, spinal anesthesia is considered by many as 
the anesthesia of choice. The same fact holds true for hemorrhage 
from exsanguination and surgery probably would not be attempted 
except for emergency hemostasis, without first treating the 
shock and building up the patients general condition. Burch, 
Harrison, and Blalock (12) made ~ study on the comparison of the 
effects of hemorrhage under ether anesthesia and under spinal 
anesthesia upon dogs. In four of the nine dogs having spinal 
anesthesia, death was produced by bleeding 0.8 to 1.6 percent of 
the body weight. In two of the remaining five, cardiac output 
and blood pressure were reduced much more than would have been 
expected had ether anesthesia been used. Four dogs were used 
in the ether experiment and none of them died al though as much 
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as ~irty cubic centimeters of blood were removed. They con-
cluded with, "Spinal anesthesia is contraindicated in patients 
who have lost a great deal of blood or in patients in whom 
severe blood loss during the operation is anticipated." 
Profound anemia, cachexia and moribund states are given 
as eontraindications. Rapoport (52) and Greenhill (30) both 
bring out these facts but the same facts are believed by many 
to be contraindications to any form of anesthesia. 
Sepsis with positive blood culture is a,contraindication 
to anesthesia in general. 
High blood pressure is feared by many surgeons under any 
anesthetic but particularly with spinal anesthesia because of 
the ,possibility of a sudden or appreciable fall in blood press-
ure. Russell (53) however, believes that spinal anesthesia is 
better for high blood pressure cases if there is no pronounced 
evidence of cardiac disease. McKittrick, McClure, and Sweet (49) 
maintain that spinal anesthesia is contraindicated where a 
sudden fall in blood pressure might be hazardous. Authorities 
having considerable experience with spinal anesthesia have no 
fear provided they have epinephrine or ephedrine to combat the 
lowered blood pressure. 
For a long time hypotension was considered a positive contra~ 
indication by almost all authorities, but since the introduct-
ion of epinephrine and ephedrine and methods of controlling 
the diffusion of the drug injected, many surgeons no longer con-
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sider hypotension as a contraindication. Babcock lists a 
systolic pressure under one hundred as a contraindication. (4 ) 
Highly nervous and sensitive individuals are often cared 
• 
for better if given an inhalation anesthesia because being 
conscdous all through the operation they hear the conversation, 
noise of the instruments, etc., in the Gperating room, which 
exei tes them considerably. This dificul ty however, can be over-
come to a large extent by the pre-operative administration of 
a sedative. Hysteric and neurotic patients shoud be given some 
other anesthesia than spinal since they are apt to develop 
bizarre and lasting symptoms for which there is no organic basiS. 
)4) 
Visceral perforation is given by McKittrick, McClure, Sweet 
and others as a cont~indication because through the action of 
spinal anesthesia peristalsis is increased, and intestinal con-
tents may be emptied into the abdominal cavity. (49) 
Cases of cardiae decompensation, massive pleural effusion 
and those in which markedly increased intra-abdominal pressure 
exists as a full-term pregnancy, massive ascites, large tumor. 
etc., should not be given a high spinal anesthesia unless the 
Trendelenburg position can be omltte4 or the intra-abdominal 
pressure released slowl):;j A sudden release of intra-abdominal 
tension might add to an already present hypo-tension. In ad-
vanced myo-cardial disease the dose of ephedrine should be care-
fully considered because of the effect of this drug on the 
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cardiac muscle and blood pressure. 
In patients of advanced age spinal anesthesia should be 
used with great caution, or avoided. Wolf contends that used 
in small amounts for rectal and anal surgery, the method is 
safe for the old and young. (59) 
Botsford (8) claims that spinal and local anesthesia are 
contraindicated in young children. She statea that the psychic 
complexes produced by fear, the congestion of the pharyngeal 
mucous membrane, the excessive production of tears, mucous, and 
saliva caused by crying, with over ventilation of the lungs and 
its consequent train of evils-reduotion of carbon dioxide. 
ac.pnia, and apnea, and the possible aspiration of secretions 
into the lungs are reason enough for the use of some other 
form of anesthesia in children. 
Obesity is given by Babcock (4) as a cont~indication but 
inasmuch as obese patients so frequently develop post-operative 
pulmonary complications, it would seem that inhalation anes-
thesia would be even more dangerous. Obesity, however, does 
frequently offer technical difficulties in administration. 
In a community critical or unfavorable toward spinal anes-
thesia, a surgeon will do sell to be very cautious in the use 
of spinal anesthesia in order to protect his own good name in 
the community. (4) 
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DISADVANTAGES. 
Disadvantages. 
Spinal anesthesia is not an ideal anesthesia from all stand-
pOints and has some definite disadvantages as well as some more 
or less debatable disadvantages. 
The chief disadvantages found in present day literature are: 
1. Uncertainty as to the duration of anesthesia. 
2. Uncertainty as to the extent of the anesthesia. 
3. Variable dosage. 
4. Uncontrolled anesthesia. 
5. Definite mortality rate. 
6. Toxic effects on the spinal cord and spinal nerve roots. 
7. Increased pulmonary complications. 
8. Fall in blood pressure. 
9. Nausea, vomiting, headache and other undesirable symptoms. 
10. High percent of failures and the frequent need of 
supplementary anesthesia. 
11. Lack of a standard technique and lack of unity of opinion 
concerning the proper drug. 
Since the earliest use of spinal anesthesia opponents of 
the method as well as proponents have noted the uncertain duration 
obtained. This varied with the drug used, with the technique 
employed, with the anesthetist and with the individual patient. 
With the aid of laboratory experimentation, s$udy of thousands 
of clinical cases, study of various technique and drugs, and 
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the manufacture of better drugs, this disadvantage has been 
limited to a large extent. 
With improvement of knowledge, the variable extent of 
anesthesia has been largely but completely improved. In the 
hands of an experienced anesthetist the extent of anesthesia 
can be fairly well pre-determined by the position the patient 
is placed in, the amount of cerebrospinal fluid Withdrawn, the 
drug used, the specific gravity of the injected solution, and 
the force with which the solution is injected. (51) 
The dosage does vary with the individual patient and is a 
definite disadvantage because at present it is impossible to 
determine beforehand what the proper dosage is for a given 
patient. However, according to recent Views, a maximum dose of 
two hundred milligrams of novocain crystals is generally suff-
icient. Some operators employ larger amounts for the more time-
consuming procedures. (27) 
Greenhill (30) expresses one of the commonest mentioned 
disadvantages as follows, "After injection into the spinal canal, 
the drug is beyond control and if alarming symptoms appear, the 
cause cannot be removed." Here it seems that inhalation anes-
thesia has an advantage over spinal anesthesia because if res-
pirations should stop in inhalation anesthesia, artificial res-
piration may be given which will remove much of the anesthetic 
while in spinal anestheSia, such ther~y would not help rid the 
body of the anesthetic. In case a toxic dose is administered 
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one can only combat the symptoms until the effects of the drug 
"wear off". (27) 
Bower, Clarke, and Burns (9) write, " Spinal anesthesia is 
responsible for more deaths than any other anesthesia in pro-
portion to the number administered." They admit, however, that 
the mortality diminishes with the experience of the operator. 
In the same article they state, "The false security occasioned 
by reporting of large series of cases with low mortality, the 
marked muscular relaxation making intra-abdominal operations 
easier, and .the publicity given spinal anesthesia by manufacturers 
Who advertise that a particular anesthetic is safe and controll-
able, are largely responsible for the wave of enthusiasm for 
spinal anesthesia. Many deaths have occurred from anesthesia 
that have been attributed to other causes." The mortality statis-
tics of Foss and Schwalm and of Lundy have already been dis-
cussed. 
Davis, Haven, Givens, and Emmett have studied the toxic 
effect of spinal anesthesia on the spinal cord and spinal nerve 
roots. Using dogs for experimentation several facts were dis-
covered. In these dogs the commonest changes found were a 
varying degree of inflammatory reaction in the leptomeninges, 
changes in the ganglion cells of the gray matter of the cord, 
swelling and fragmentation of the axis cylinders and signs of 
degenerative changes in the fiber tracts of the cord. These 
were transient as to symptoms but the pathology was more or less 
permanent. (30) If perfect asepsis is not maintained an in-
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fectious meningitis will result, and an aseptic or sterile 
meningitis will occur if the fluid, though free of organisms, 
contains some irritant. Flagg (27) says, uThere is danger of 
subsequent paresis and local or general paralysis." 
The pulmonary complications have already been discussed 
somewhat, a wide variation of opinion being noted. This will be 
taken up more thoroughly later. 
The fall in blood pressure is believed to be of benefit in 
certain cases while in others it is definitely harmful. How-
ever, this fall in bloodpressure can be regulated to a consider-
able extent by the employment of ephedrine or epinephrine. 
Nausea, vomiting, headache, incontinence, extreme weakness, 
shock, asphyxia, pallor, cold sweat, and other undesirable 
symptoms have been given as disadvantages of spinal anesthesia, 
but they are the unusual rather than the usual findings and con-
sequently are better considered under the classification of 
compli cations. 
Greenhill (30) says the method fails in at least five to 
ten per cent of all cases. It must be admitted that in good 
hands there are a certain number of failures, but with increas-
ing experience and improvement of technique this percent is 
gradually being decreased. He also brings out the fact that 
sUpplementary anesthesia is a frequent need. In long operations 
this is not uncommon and is distressing to the surgeon. 
N~laek of a standard technique afid a lack of unity of 
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opinion concerning the proper drug is used by opponents as an 
argument against the method. The statement is true, but any-
thing as new as spinal anesthesia in relation to chloroform 
and ether cannot be expected to be completely worked out and 
agreed upon by all employing it. 
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COMPLICATIONS. 
Complications. 
In the early history of spinal anesthesia Morton,Jonnesco 
and others thought spinal anesthesia was without any complications, 
but all fair-minded workers now agree that spinal anesthesia 
has some definite complications and is not a "perfect" form of 
anesthesia. 
In surveying the literature the following are the complicat-
ions found:: 
1. Vasomoter Paralysis. 
2. Respiratory Paralysis. 
3. Pulmonary Complications. 
4. lAeningi tis. 
5. Meningismus. 
6. Headache. 
7. Backache. 
8. Nausea and Vomiting. 
9. Shock and Syncope. 
10. Anal and Vesical Disturbances. 
11. Injuries to Nerves. 
12. Ocular Disturbances. 
Since the early days the effect of this anesthesia on the 
blood pressure has been a matter of great concern and until the 
addition of ephedrine in conjunction with spinal anesthesia, 
many workers refused to use the method. Crile in 1901 reported 
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an immediate fall in blood pressure on patients having spinal 
anesthesia in proportion to the eompleteneos of the anesthesia 
and the anatomical parts involved. He observed that the blood 
pressure descended gradually and then remained on a regular line 
for some distance. He said this indicated a loss of vasomotor 
control. He further observed that after the above had occurred, 
any burning, crushing, mechanical, thermal, or electrical stimu-
lation to any part of the cord below the eocaini~ed portion 
failed to cause any rise in blood pressure. (2l~ 
Besides its action upon the sensory fibers, spinal anes-
thesia affects, though to a less degree, the white r~i commun-
icantes which form the connection between the spinal and sym-
pathetic system. In its action upon these nerves is to be found 
the explanation of the vascular instability. The sympathetic 
nerve fibers, which emerge from the anterior thoracic and lumbar 
roots, course through the white rami communicantes and join the 
ganglia of the thoracic and abdominal sympathetic chain. The 
vasoconstrictor stimuli arising in the medullary and spinal centers 
are carried to the nerves which supply the blood vessels by way 
of the white rami and the sympathetic ganglia. Failure of these 
stimuli to reach their destination, which may occur under spinal 
anesthesia because of the effect of the drug on the white rami, 
results in dilatation of the blood vessels. This decrease in 
vascular tone causes a fall in blood pressure. Other m4nor dis-
turbances may contribute to this but the blocking of the vaso-
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motor nerves is the most important faetor. The extent of the 
fall in blood pressure has been found to be directly proportion-
al to the degree of the sympathetic paralysis, which in turn is 
gaged by the height of the anesthesia on the body. The higher 
the anesthesia, the greater the number of vasoconstrictor fibers 
blocked and, consequently, the greater the fall of blood pressure. 
(26) 
Recently, Co Tai has made extensive experimental studies 
of various phases of spinal anesthesia. One of these has been 
the blood pressure curve under spinal anesthesia. He found the 
typical curve to consist of a preliminary fall, beginning a few 
seconds after injection, an immediate rise within a minute or 
two, and a secondary fall which began in five to twenty minutes 
after the injection and whose duration was longer and roughly 
proportionate to the dose of novocain. He reasoned that the 
primary fall was caused by the paralytic action of the novo cain 
on the spinal nerves including the vasomotor nerves in the immed-
iate vicinity of the injection. He tpought the interme diate 
rise was due to the compensatory constriction of the as yet un-
affected vasomotor nerves. Then as the drug spread upward, the 
hitherto unaffected vasomotor nerves became paralyzed one by one, 
causing the secondary fall. He noted an increase in the volume 
of the limb concomitant with the fall of the blood pressure which 
proved his first explanation. To prove that the intermediate 
recovery was due to a compensation of the unaffected spinal nerves, 
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he flooded the whole spinal eanal with novocain to see if this 
would abolish the recovery. There was no recovery but a steady 
fall of blood pressure. He observed three variations from the 
typical curve. By the use of the preliminary narcotic dial 
urethane there was no preliminary fall. When the volume of the 
injected fluid was large, eight to ten cubie centimeters in a 
moderate sized dog, there was an abolition of the intermediate 
rise. When too large a, dose or too large a volume was used, 
the blood pressure started to fall rather swiftly describing 
more or less of an arc and respiratory paralysis often super-
vened. (20) 
Evans stated that in the lumbar puncture, the puncture of 
the skin was accompanied by a slight rise in blood pressure 
whioh varied in extent with the degree of consciousness. the 
pain and the disturbanoe produced by pre-operative procedures. 
(25) 
Evans believed the preliminary fall in blood pressure was 
due to flaccid paralysis of the skeletal and abdominal muscles, 
relief from pre-anesthetic manipulation, and the onset of mental 
calmness. (25) 
Evans (25) stated the blood pressure fall was due to three 
major factors: 
1. Main factor-- an ascending root paralysis. In the anes-
thesia reached only lumbar nerve roots, he believed there would 
be no appreciable drop in blood pressure, but that the fall in 
- 44 -
blood pressure was in proportion to the number of nerve roots 
between the first thoracic and third lumbar involved. 
2. Second factor-- thoraco-abdominal muscular paralysis, 
compensated for by an increased action of the diaphragm. The 
aspirating action of the thorax was diminished by the paralysis 
and therefore a smaller volume of blood sent to the heart. 
, 3. Third factor-- wi th higher anesthesia, the sympathet.ic 
cardio-augmenter (cardiac) nerve is blocked, allowing the vagus 
nerve to slow the heart. 
Respiratory paralysis is another serious complication which 
may be encountered. Flagg (27) says, "Because of the danger of 
respiratory paralysis, analgesia above the level of the umbil-
icus should not be tolerated." This opinion, however, is not 
universally accepted, as much successful surgery has been done 
upon the thorax, neck, and even the head with this anesthetic. 
According to many writers the mechanism of respiratory paralysis 
is as follows. With the ascent of the anesthetic up the spinal 
canal it first blocks the intercostal nerves, removing the 
corresponding muscles. As it reaches higher it affects the 
phrenic nerve, thus paralyzing the diaphragm. Aa a result, the 
respiratory excursion is greatly diminished and finally ceases 
entirely. Grodinsky (31) has shown that there is probably an 
actual penetration of the drug to the vital centers, and this 
is added to the peripheral paralysis. There is likewise a cir-
culatory inadequacy, whether due to dilatation of the splanchnics 
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(25). or dilatation of the heart (10). which further adda to 
the respiratory embarrassment. Tnis establishes a vicious cycle 
which, if left untreated, will result in death from asphyxia. 
the symptoms are those of asphyxia; the respirations first be-
coming slow and shallow,with frequent deep sighs. There is a 
gradually developing cyanosis, and breathing may be mildly 
dyspneic. Later the patient may become stuporous or unconscious, 
and death is imminent. 
In conflict with the above belief of the mechanism of res-
piratory paralysis is that the vital centers are much more sus-
ceptible than the fibers, for the motor nerves are still capable 
of stimulation, even when the patient is adequately or even 
dangerously under the influence of the anesthetic. Co Tu~ (80) 
has studied the difference in the sensitiveness of the res-
piratory center and the phrenic roots. He gave ten dogs the 
spinal lethal dose of novo cain and immediately .after respiration 
ceased, a cervical laminectomy was performed in order to expose 
the phrenic roots within the cervical subarachnoid space. The 
operation was done within five minutes after death and the 
exposed roots stimulated electrically while the diaphragm was 
watched for contractions. In eight of the ten animals the 
diaphragm contracted, showing the phrenic roots were not para-
lized and Co Tui concluded that therefore the respiratory fail-
ure was due to paralysis of the respiratory center. 
The slight difference in the susceptibility of the different 
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functions appears to depend upon the size of the nerve fibers. 
Pain fibers being the smallest are the first to be affected. 
then the temperature fibers, the proprioceptive fibers and lastly 
the motor fibers are affected. 
Labat and Lericke believe that respiratory paralysis does 
not occur in high spinal anesthesia and that deaths so inter-
preted are really due to cerebral anemia. 
Jones (35) believes the danger in spinal anesthesia is not 
a vaso-motor effect trom a regional block of thoracic and lumbar 
roots, but from blood absorption and paralysis of the vaso-motor 
center, leading in some cases with excessive dosage to severe 
collapse and a pulseless state. 
Jones (35) and Co Tui (19) believe that the nausea and 
vomiting, apart from the surgical manipulation is due to direct 
stimulation of the vomiting center by the drug. Co Tui gave 
small doses of novocain intracisternally to six dogs. Five of 
them vomited and the sixth salivated, a sign of nausea. Injection 
of a similar dose of saline solution did not cause emesis. 
Co Tu~ concluded therefore, that vomiting should be considered 
as a danger signal. 
The outstanding clinical features of such cases are a re-
duced frequency and amplitude of respiration and a very low blood 
pressure, sometimes reaching a pulseless state. The one means 
imperfect ventilation of the lung and the other a reduced rate 
of blood flow through the lung capillaries. Both tend toward 
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anoxemia and a vicious circle which may end in an arrest of 
respiration. 
The pulmonary complications associated with spinal anes-
thesia have already been discussed somewhat under advantages and 
disadvantages. 
Brown and Debenham (11) found post-operative pulmonary 
complications to be five times more frequent following spinal 
anesthesia on an unseleeted group of eight hundred and twelve 
cases. Atelectasis was the most common complication. The more 
closely the. operative procedure approached the region of the 
diaphragm the gneater was the incidence of post-operative pul-
monary complications. They gave the following three reasons for 
the greater frequency of these complications. 
1. Spinal anesthesia inhibits the depth and force of res-
piratory movements during and after the operation so there is 
less ridance of the tracheo-bronohial tree of foreign material 
or secretions. 
2. Normal viscosity of the seoretions of the tracheo-
bronchial tree appears to be inoreased. 
3. A~ter the operation, the patient tends to remain quiet 
for a number of hours. 
As many serious operations were performed under inhalation 
anesthesia as under spinal anesthesia and more poor risk cases 
were given inhalation anesthesia. In spite of this, the following 
figures show a much greater frequency of pulmonary complications 
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with spinal anesthesia. 
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Jones (34) believes that lung collapse occurs quite fre-
quently after spinal anesthesia, praotically always after an 
abdominal operation, and is beginning to believe it is more 
frequent than after inhalation anesthesia. He adds, however. 
that lung collapse seems almost never fatal regardless of how 
ill the patient seems to be. 
Although meningitis is always listed as a oomplioation, it 
mu.st:~be:.iadiilitted that it is quite rare. Only nine oases have 
been reported in over twenty years in whioh hundreds of thous-
ands of induotions have been given. Of these, only two resulted 
fatally. (39) 
Despite warning that spinal anesthesia is contraindicated 
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in sepsis~numerous cases are on record wherein purulent menin-
gitis did not result. 
Koster and Weintrob (39) report operations upon thirty 
cases with positive blood cultures without production of menin-
gitis. 
In the rare cases in which meningitis does result, symptoms 
of headache, stiff neck, restlessness, ocular :aberrations, and 
increased temperature appear during the first twenty four to 
forty eight hours after the operation. Shortly the character-
istic symptoms and signs of purulent meningitis are found. The 
spinal fluid becomes turbid, the globulin and cell count raised, 
and a variable degree of elevation of the pressure of the cerebro-
spinal fluid which contains organisms. (39) 
Meningitis has occurred after diagnotic puncture alone. 
Koster and Weintrob write. "It would seem, therefore, that 
meningitis following intra-spinal anesthesia need not necessarily 
result from the use of contaminated anesthetic. agents, or ensue 
in a patient suffering from septicemia consequent to establish-
ment in the meninges of a locus minosis resistentiae brought 
about by the trauma of the lumbar puncture ~eedle." (39) 
Meningismus has been reported about once in every six hund-
red cases. It is usually ushered in on the day following the 
induction with headache, dizziness, stiff neck, occasional 
inequality of the pupils, photophobia and eyeball pain. The 
symptoms are aggravated by raising the head and movement of the 
- 50 -
body. The cerebro-spinal fluid shows the picture of an aseptic 
meningitis. Symptoms last two to three days and then subside 
spontaneously. The only effective measures of relief are 
magnesium sulphate by enemata and spinal puncture. (39) 
Perhaps the most annoying complication is headache. The 
commonest type is that known as lumbar puncture headache. In 
most cases it is due to faulty technique or faulty apparatus. 
Dana (23) reports this symptom as being more common in patients 
whose cerebro-spinal fluid is negative and in whom the fluid 
comes out under low pressure. He further states that a healthy 
cord reacts badly to puncture and headache is more common and 
severe in young adults, in women, in persons of high strung 
nervous temperament, in the anemic, and in the thin blooded. 
Von Jaschke (57) believes that headaches after lumbar punct-
ure are due to changes in the anesthetic, while Calmann (13) 
thinks they are caused by meningeal irritation and not by a loss 
of Cerebro-spinal fluid. 
Anderson (2) writes that headache is reported in from one 
to ten percent of eases where novo cain has been used. The degree 
varies from a mild sensation of fullness in the head to a aevere 
type of excruciating pain. However, the majority are mild and 
last only a few days. The headaches can usually be controlled by 
analgesic drugs, ice bags, and rest. Anderson believes the 
headache is due to one of two causes. (2) 
1. A loss of eerebr-spinal fluid through the puncture 
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wound by seepage into the extradural soft tissues. In this 
type the patient notices the headache when he raises his head. 
2. An increase in the volume of the cerebro-spinal fluid 
contained within the subarachnoid space. 
Baruch (1) attempted to prove experimentally the theory of 
Mac Robert that fluid escapes through tbe hole in the dura after 
lumbar puncture. He performed a lumbar puncture and without 
withdrawing any fluid injected three cubic centimeters of a two 
percent indigo-carmin solution into the subarachnoid space. He 
then plugged the needle so no fluid could escape. Then he 
catheterized the patient to determine the first appearance of any 
of the dye.. No dye appeared in sixty three minutes. On with-
drawal of the needl~howeverJ dye appeared in the urine in eight 
minutes. This is evidence that fluid escaped through the hole 
created in the dura by a lumbar puncture needle. 
The reason for the escape has been ascribed to a lack of 
elastic and contractile tissue in the fibrous dural membrane and 
also to a pulling of the pia through the dural opening in with-
drawing the needle. (32) 
As a result of considerable seepage of spinal fluid during 
the first few hours after the operation, there is a disturbance 
of the intracranial portion of the cerebro-spinal fluid. Due 
to removal of the watery cushion of the brain, it tends to sag 
on the bony framework of the skull irratating the dural fibers of 
the trifaoial and OCCipital nerves. Pressure upon the basilar 
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venous plexuses diminishes the outflow of venous blood from the 
cranial cavity and brings about ~ increase of venous tension. 
This seepage type of headache isfrelieved by lowering the head. 
(26) 
The second variety of headache as already mentioned is due 
to an increase in the quantity of cerebrespinal fluid. This 
type does not respond to lowering the head. It is the headache 
described under meningismus and is accompanied by the symptoms 
and signs of meningismus. (26) 
A small percent of patients complain of backache following 
spinal anesthesia. It may be due to trauma of the soft parts, 
especially when several attempts have been made to enter the 
spinal canal, to a serous meningitis resulting from a wound in 
the dura and pia, to t.he liberation of a small amount of blood 
by the accidental penetration of one of the venous plexuses, to 
the introduction of rust particles.trom the needle, or even to 
the presence of several bubbles of air. The backache is short 
in duration and frequently relieved by placing a pillow under the 
small of the back. (26) 
Nausea and vomiting may occur with spinal anesthesia part-
icularly if there is cerebral anemia. It occurs as part of the 
picture of vasomotor collapse. In beginning nausea, one may 
often avert the vomiting by oxygen inhalation, exaggerated 
breathing, elevation of the head, and application of wet towels 
to the face. In sevenecases the Trendelenburg position is in-
dicated~ (26) 
Psychic nausea may be encountered in nervous or impression-
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able patients, to whom the thought of spinal injection is up-
setting. Sufficient pre-operative morphine and soothing suggest-
ions by the ane.sthetist will practically eliminate this form of 
nausea. 
Reflex vomiting may occur whene there is increased motion 
of the diaphragm or where surgical trauma to the viscera is 
necessarily great. Treatment is largely prophylactic. 
Post-operati ve nausea and vomi ting may be reflex in type 
occurring with a lumbar puncture headache. It is most probably 
due to meningeal irritation and may also be due to purulent 
meningitis. The former are usually mild and clear up spontan-
eously. (26) 
The next complications to be discussed are shock and syncope. 
Evans and many others assert that the majority of deaths attrib-
uted to spinal anesthesia have been the result of shock, and 
some of these have been due to improper technique or to the dis-
regard of definite contraindications. Evans lists five ways in 
which shock or syncope may be produced during spinal anesthesia. 
(26) 
1. Lumbar puncture or Meningeal Reflex; This is most likely 
to occur only in nervous overstimulated patients or in those 
having an inadequate dose of morphine. Meningeal injury from too 
large a needle or repeated attempts to enter the spinal canal, or 
when the patient has been kept in the sitting position too long 
may I ead to sho ck and syncope. The ons'et in thi s type is usually 
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a sudden complete collapse with cessation of vital centers. The 
result varies from a mild fainting spell to sudden death. 
2. Visceral Reflex Shock. This occurs when the intestines 
are too roughly handled w!i.th r.he stomach or omentum pulled upon, 
or wi~ the upper abdominal organs tightly packed off. 
3. Drug Poisoning (Shock). This is very rare, occuring in 
patients who are hyper-sensitive to the drug used. It may occur 
in other individuals if an unusually strong drug is used or if 
the drug is accidentally injected into one of the meningeal veins. 
4. Position Shock. This occurs when the patient is suddenly 
changed from one position to another, especially from the 
Trendelenburg to the upright position. It is most apt to occur 
in weak or very old patients because of the sudden added em-
barrassment to an already overladen heart. It is supposed to 
be the most common complication occurring at the end of the 
operation. 
5. Intracranial Pressure Shock. This may lead to death 
known as the "lumbar puncture death." It is often the cause cited 
to prove spinal anesthesia a radical and unsafe procedure. It 
is the commonest cause of death following lumbar puncture. How-
ever, in reviewing the literature, Schonbeck found seventy one 
cases. Over fifty percent had intracranial tumors, thirteen 
percent had cerebra~ hemorrhage, fifty seven percent presented 
symptoms of some cerebro-spinal pathology which was present at 
the time of lumbar puncture. The spinal fluid pressure is re-
I eased by the lumbar puncture below causing the medulla to JatiL-, 
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into the foramen m~snum. Death may be sudden,beginning with a 
terrific headache, or it may occur within a few hours. It is 
due to suppression of the medullary centers and the symptoms 
are those characteristic of severe intracranial pressure. 
Most authors remark that they did not encounter anal or 
vesical incontinence or else an occasional case appeared where-
in reestablishment of normal functions required but several 
days to a week. 
Koster and Weintrob (39) had to catheterize only ten per-
cent of their patients. Ninty percent of this group needed only 
one or two catheterizations and the remainder voided spontan-
eously after the third day. They are of the opinion that post-
operative urinary retention is much more frequent after inhalat-
ion narcosis. 
If in the operation there is an invasion of the petTiS either 
directly or indirectly, there is more apt to be a retention. 
Perineal operative trauma is readily recognized as a responsible 
factor. 
The ~ypothesis that the spinal anesthesia induction produces 
a localized serous meningitis and thus disturbs the anal and 
vesical spinal 'centers in the lumbar region of the cord is contra-
djl.cted by the statistical evidence demonstrating the greater 
frequency of retention following inhalation anesthesia. (39) 
Injuries to nerves are rare and the effects are usually 
transient. Exceptionally, symptoms and signs exist for many 
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months causing not only great discomfort and annoyance to the 
patient but also considerable ohagrin to the surgeon. 
Damage to the spinal cord or to the roots may result in 
anestheSia, paresthesias,trophoneurotio changes leading to 
atrophy of muscle groups, decubitus uloers, sharp, lancinating 
pains along the course of nerves,and transient anal or vesical 
incontinence. Permanent paralysis, although very rare, may 
occur if the damage is more severe. Koster and Weintrob (39) 
write, "It is difficult to damage the nerve-bundles even when 
they are held free in one's fingers and attempts to penetrate 
them with a needle under direct vision are made." 
Out of eleNen hundred cases, Case reports one nerve comp-
lication and the final healing in this case was complete with no 
cpmplaints or signs of nerve disturbance. (39) 
" Orth reported no nerve oomplications in a series of four-
teen hundred and Warnecke none in fifteen hundred inductions. 
Cotte had three paralyses of the external popliteal and sciatic 
nerves in a series of two thousand two hundred and seven rach-
ianesthesias. Babcock employed spinal anesthesia eleven different 
times on one patient without any evidence of nerve injury. (39) 
Organic changes rarely occur in after-life following a pre-
vious spinal anesthesia. 
With high injections there may be an injection directly in-
to the cord, but Jonnesco, the foremost exponent of high in-
jections, the puncture being practiced at a level as high as the 
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cervical region, has experienced no serious sequellae and no 
complications in sixty two hundred rachianesthesias. (39) 
The rare ocular disturbances found seldom occur in well con-
ducted eases and in all cases clear up spontaneously.. The dis-
turbance is limited to the extra ocular muscles and usually the 
muscle supplied by the abducens nerve. The trouble appears dur-
ing the second week after the operation although cases have occ-
urred immediately after the lumbar puncture. The first symptom 
is a slight photophobia followed by diplopia and usually accomp-
anied by one or more of the symptoms of meningeal irritation. 
After ten to fourteen days the paralysis retrogresses and clears 
up spontaneously by the third or fourth week. (39) 
A functional optic neuritis occassionally accompanies ab-
ducens palsy. There is a disturbance of viSion, mild to marked. 
The degree of disturbance is not always proportionate to the 
degree of changes seen in the opthalmological exam. There may be 
a complete, temporary blindness. This occurred in one case out 
of five hundred and fifty seven, by Wells after use of anhydrous 
cocaine. The patient recovered completely at the end of five 
days. (38) 
A drooping of the left upper lid as a result of paralysis of 
the branch of the third cranial nerve which supplies the levator 
palpebrae superioris was reported by Wells. This disappeared in 
two weeks and was encountered in only one case. (26) 
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PHYSIOLOGY. 
Physiology. 
The human cerebro-spinal fluid is a clear fluid having a 
composition similar to lymph. It is a secretory product of the 
epithelial cells of the choroid plexuses in the ventricles and 
of the ependyma membrane. The fluid is continually being se-
creted and the volume varies from one hundred to one hundred and 
thirty cubic centimeters on the average. Gray found the specific 
gravity in children to vary from 1.0054 to 1.0071 and in ex-
treme shock it rose to 1.0076 to 1.0083. In adults the majority 
of writers give the specific gravity as 1.004 to 1.007.' The 
pressure of the spinal fluid is dependent upon the circulation 
and varies under certain circumstances and in different positions 
of the body. Quincke found the pressure in the sitting position 
to be from fifty to one hundred and fifty millimeters of water. 
(32) 
From its origin in the lateral ventricles the fluid flows 
into the third ventricle by way of the foramen of Munro, thence 
through the aqueduct of Sylvius into the fourth ventricle. It 
then flows outward via the foramena of Luschka and Magendi into 
the the subarachnoid spaces. It then circulates upward toward 
the convexity of the cerebrum to be absorbed into the venous 
sinuses through the Pacchonian bodies. (55) 
The subarachnoid space is traversed by trabeculae of white 
fibrous tissue and forms a loose sheath around the roots of the 
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spinal and cranial nerves for a short distance. Hence a sub-
arachnoid injection reaches these nerves at these vulnerable 
points. (55) The cranial nerves bathed by the spinal fluid 
are the abducensJtrochlear, oculomotor, and optic nerves. (32) 
Several factors are concerned in the disjrersion of the 
drug after it has once been injected. They are: 
1. Direct force of injection. (4) 
2. Diffusion. (56) 
3. Gravity. (32) 
4. Pulsation. (32) 
5. Mass movements with change of position. (32) 
Obviously the greater force employed in injecting the anes-
thetic solution the greater will be the dispersion of the drug 
and the greater number of fibers affected. 
In arriving at their conclusions, Tait and Caglieri (56) 
employed the use of a large number of animals and cadavers and 
gave lumbar punctures to several patients. They studied the 
diffusion of the injected materials by using colored mixtures 
and confirmed the theory that absorption and elimina.tion occur 
when chemicals are injected directly into the subarachnoid space 
and that the osmotic pressure exists in only one direction, that 
is, there is exosmosis but no endosmosis. When the solution was 
injected without pressure, the dye stained at the point of in-
jection, then diffused in all directions, ascending and descend-
ing following meningeal prolongations along the spinal nerves, 
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to the intervertebral foramina, where it stopped abruptly. 
They found the extent and rapidity of diffusion was influenced 
by the amount, the composition, and the specific gravity of the 
liquid injected and chiefly by the pressure under which it was 
injected. 
Halbreich (33) concluded from his experiments on dogs and 
frogs that the solution when injected in the lumbar region is 
more liable to reach the medulla oblongata the latger the qu:e.n-
tity of fluid injected and the more the head of the subject is 
lowered. He wrote that the gray matter is penetrated by dif-
fUSion, osmosis, and by the lymphatics. 
Crile (21) injected a solution of cocain, colored with 
methylene blue, in the lumbar region, which stained the entire 
cord and under surface of the brain in thirty seconds. 
The specific gravi ty of the injected fluid in relation to . 
the specific gravity of the cerebrospinal fluid has a definite 
bearing on the localization of the anesthetic agent and conse-
quently of the analgesia derived. An inspection of the human 
spine shows that if the patient is kept in the horizontal posit-
ion, the thoracic and cervical vertebrae are on a lower plane 
than the lumbar. Therefore an anesthetic solution denser than 
the spinal fluid, when injected into the canal at or proximal 
to the third lumbar space, will flow into the thoracic concavity. 
(51) 
The spinal fluid is in constant motion. Drainage is through 
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the arachnoid sheaths of the nerves, perivascular lymphatic 
sheaths, and according to some, the Pacchonian bodies. There 
is pulsation consisting of a systolic flux and reflux. (32) 
Under certain circumstances there 1s a transportation of 
the entire bulk of fluid, as when in the horizontal position 
the patient is suddenly changed to an upright position. (32) 
The effect of spinal anesthesia on respiration and blood 
pressure has already been discussed in detail. 
Crile (21) thought the effect of the spinal anesthetic 
was due to a local contact with nerve structure and not to 
absorption. 
Goldan (29) held that circulation had no role in the pro-
duction of anolgesia when cocain is injected into the subarach-
noid space, the effects being due, he believed, in all probabil-
ity to the passage of the cocain from the subarachnoid space 
along the perivascular spaces in the tunica adventitia of the 
blood vessels to the sensory columns of the cord, and also dir-
ectly into the lymph spaces of the nerves themselves. 
Bier (32) believed the sequence of symptoms following the 
injection was the result of changes in the circulation caused by 
the introduction of a heterogeneous substance iate the spinal 
canal and not due to any toxic action of cocain. Nicoletti at-
tributed it to vasomotor constriction. 
Barker (7) experimented with fluids of much greater specific 
gravity than that of human cerebrospinal fluid. Assuming that 
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. ~ .. 
~here are only ~hree ways of a fluid injec~ed in the second 
lumbar space reaching the mid-dorsal region or higher, he said 
in reference ~o these three ways: 
1. Diffusion alone of one fluid in another is a slow pro-
cess and is unlikely to be the mode of spread of the injected 
fluid in spinal anesthesia. 
2. The injec~ed fluid does recede somewha~ ~oward the head 
on elevation of the pelvis but i~ is hard ~o imagine its doing 
'. 
so to such an ex~en~ as ~o carry with i~ ~ cloud of fluid ligh~er 
~han i~self from ~he second lumbar ~o the fifth ,dorsal ver~ebrae, 
some eigh~ to ten inches. 
3. The injected compound heavier ~an cerebrospinal fluid 
may be affec~ed by gravi~y. 
Babcock, (3) injec~ing a fluid ligh~er ~han the spinal fluid, 
sough~ to affect the sensory nerves wi~hout involving the motor 
nerves. He wrote tha~ with such a lighter fluid one could con-
~rol the area affected by tha analgesia by regulating the posi~­
ion of the patien~s body. The rate of diffusion of the ligh~er 
fluid was controlled by the addition of a larger or smaller per-
cent of alcohol. He held that the analgesic drug is decomposed 
by ~he cerebrospinal fluid, which still further limits its field 
of activity. The less the alcohol, the more rapid decomposi~ion, 
hence, as the fluid diffuses, it decomposes, and the anesthetic 
effec~ can be limi~ed very largely to any desired position of 
the spinal canal • 
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Pitkin (51) states that novocain is absorbed quicker by the 
sensory than by the motor nerves, possibly because the sheath of 
the motor nerves are somewhat thicker than the sheaths of the 
sensory nerves. He believes novo cain is absorbed by the nerve 
trunks and enters the system by this way rather than through the 
lymphatics, or veins by osmosis. He found traces of stovaine 
in the spinal fluid twenty four hours after introduction, where-
as no traees of novocain were found after six hours. He also 
found the intraspinal pressure with a patient in a sitting posit-
ion was greater than when a patient was recumbent, but that 
there was no difference between the pressures of a recumbent 
patient or one in a forty-five degree Trendelenburg position. 
The effect of spinal anesthesia on the abdominal muscles, 
stomach, intestines and sphincters has already been discussed 
qUite thoroughly. 
Russell (53) brought out that pallor is almost always present 
due to the eff ect of the drug on the thoraci c nerve segments 
and to absorption of the drug into the blood stream. 
Adrenalin acts on the nerve tissue causing first a contract-
ion and later a dilatation of the blood vessels because sym-
pathetics carries both constrictor and dilator fibers and the 
drug stimUlates first the one and some time later the other. 
Ephedrine does not stimUlate the sympathetic nerves as does 
adrenalin but acts by direct stimUlation of the muscles of the 
vessel wall. Consequently, ephedrine is preferred by most 
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workers over adrenalin in preventing or counterbalancing the 
vaso-dilatory effect of spinal anesthesia. (32) 
Grodinsky and Baker (31) after filling the subarachnoid 
space of cadavers with normal saline solution until the pressure 
was thirteen to one hundred and thirty millimeters of water, in-
jected a dye by lumbar puncture. Using thirty eight cadavers 
they made the following generalizations which were also supported 
by clinical cases: 
1. The'upward spread of the dye is directly proportional 
to the volume inj ected. 
2. Aspiration and reinjection were equivalent to an in-
jection of a larger volume without reinjection but were not as 
effective in extent as when a larger volume was injected at one 
time. 
3. Extension upward increased with depression and decreased 
with elevation of the head on the table, the amount being pro-
portional to the degree of angulation. 
4. Varying the site of injection one or two segments had 
only slight effect upon the spread, the difference usually 
equalling the distance between the points of injection. 
5. Variations in the amount of pressure existing within the 
subarachnoid space within normal limits seemed to have little 
or no effect on the extension of the dye. 
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TECHNIQUE. 
Technique. 
The technique of spinal anesthesia is quite thoroughly 
standardized although certain workers do employ individual 
variations in some phase of the induction. The early method 
of Corning (16) in which the distance from the skin to the 
vertebral canal was measured and transferred to a trocar has 
been discontinued because it has been shown that there is little 
danger of injuring the cauda equina with the puncture needle •. 
In this paper a standard and proven method will be described. 
The choice of drug is variable. Some form of procaine 
hydrochloride seems to be the most satisfactory. (41) Neocain 
and novo cain are probably the most widely used. Novocain is 
supplied in ampules in a crystalline form. They are highly 
purified, sterile, and convenient for preparing solutions. 
They can be dissolved quickly in the ampule by adding freshly 
drawn spinal fluid. 
The materials needed are a Luer-lok syringe, spinal punc-
ture needle, hypodermic needle, ampule of novocain crystals, 
ampule of ephedrine-novocain solution, gloves, sponge holder, 
sponges, ~ineture of iodine, and alcohol. (51) 
The needles should be made of rustless steel,which is less 
liable to break, retains a sharp point longer, and withstands 
much bending and manipulation. The needle for local infiltra-
tion should be sharp, and of twenty five or twenty seven gage. 
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The spinal puncture needle should be of twenty or twenty two 
gage with a bevel of forty five degrees. The smaller its 
caliber, the less trauma is inflicted upon the tissues and the 
less postoperative bachache and headache are likely to oocur. 
The Pitkin needle has a short bevel, with its lower portion 
rounded so that it cuts a miniature trap-door in the dura. 
Larger needles of fifteen or seventeen gage, or those with 
a long tapered point frequently cause trauma and unnecessary 
bleeding. Furthermore, satisfactory anesthesia is not always 
secured because the long beveled end may remain partly outside 
the dura so that some of the solution is deposited extradurally. 
(2:6) 
Syringes should preferably be of an all glass type with 
SUitable locking device that will permit manipulation of the 
needle and syringe without fear of detachment. They should be 
so constructed that there is no chan~s of leakage or of in-
jecting air. 
To allay fear and apprehension the patient is given an in-
jection of morphine sulphate, (i grain) and scopolamine (1/150 
grain) an'hour before operation. Different worlters use different 
dosages or different drugs preoperatively but the above given 
drugs and dosages are used quite widely. In extremely nervous 
individuals the dose of morphine may be increased. 
Many surgeons prefer to have the patient sitting up and 
stooped over for the lumbar puncture. Others have the patient 
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lying on his side with the back arched, held in this position 
by an attendant. The purpose of either position is to spread 
the dorsal vertebral spines as widely apart as possible. 
After cleansing the lower back with ether and alcohol, the 
back is painted with some antiseptic as iodine. The interspace 
to be punctured 1s selected, usually the third lumbar, and at 
this site ephedrine-novocain solution is used to raise a wheel, 
followed by subcutaneous in~iltration and infiltration of the 
deep tissues to be pierced by the lumbar puncture needle. If 
preferred, the operator can inject ephedrine alone intramusc-
ularly into the bottock or arm. The average adult dose of 
ephedrine-novo cain solution for low operations is one cubic 
centimeter, containing fifty milligrams of ephedrine; for higher 
operations two cubic centimeters, containing one hundred milli-
grams of ephedrine. (26) 
After waiting for about ten minutes for the absorption of 
. 
the ephedrine, make the spinal puncture. The spinal puncture 
needle is introduced through the anesthetized area and grad-
ually pushed forward until the dural sac has been entered. 
This is recognized by a slight snap and lack of resistance. 
The stylet is then removed from the spinal needle which is then 
attached to a Luer-Lak syringe. 
If a low anesthesia is deSired, one or two cubic centimeters 
of spinal fluid are aspirated while three cubic centimeters are 
withdrawn tor higher anesthesia. Then the syringe is detached, 
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leaving the needle in place, and the stylet is reinserted. 
Another spinal puncture needle is attached to the syringe con-
taining the spinal fluid and the fluid is transferred to the 
ampule of novo cain crystals. After dissolving the crystals, 
the solution is drawn into the syringe. Then the needle is 
removed and all air bubbles expressed. Da Costa lets the fluid 
drip from the needle into the ampule (22). Some surgeons re-
commend collecting enough of the patients blood serum to dis-
solve the drug, contending the solution is less irritating. (9) 
The dose of novo cain crystals varies depending upon the 
height of anesthesia desired. Fifty milligrams usually is 
sufficient to anesthetize the perineum; the legs, perineum, and 
lower portion of the abdomen requires one hundred milligrams; 
up to the costal margin it takes one hundred and fifty to two 
hundred milligrams. Occasionally as much as three hundred milli-
grams have been used for high or time-consuming operations. (41) 
After deciding upon the dosage, remove the stylet from the 
needle and attach the syringe. Then aspirate a tew drops ot 
spinal tluid to make sure that the needle is still in the canal 
and then inject the dissolved novocain. Again withdraw a tew 
drops of spinal fluid to assure that the entire amount of the 
anesthetic has been injected intraspinally. The spinal needle, 
still attached to the syringe, is then withdrawn. The puncture 
site is then covered with gauze and the patient turned on his 
back, flat on the table, which is kept level for at least ten 
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minutes, in proper position for operation. (26) 
It is a good plan to take blood pressure readings while 
the operative field is being prepared or draped, and reassure 
the patient, telling him that he may expect a sensation of 
numbness to follow shortly. When anesthesia is established, 
usually five to ten minutes after the injection, the operation 
may be undertaken. After ten or fifteen minutes more the level 
of the table may be changed to suit the convenience of the 
patient. No change in the level of the anesthesia results after 
such an interval has elapsed as the novo cain has become fixed 
in the nerve tissue. (26) 
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PHARMACOLOGY. 
Pharmaco 10 gy • 
Since Corning first employed cocain sub-durally to pro-
duce anesthesia many local anesthetics have been employed in an 
attempt to replace cocain with a better anesthetic for spinal 
injection. Several drug houses and many independent invest-
igators have been interested in this problem and several new 
drugs have been introduced as a consequence. 
The Therapentic Committee of the British Medical Association 
studied the suitability of the following agents for medullary 
narcosis:- stovain, novocain, tropacocain, beta-eucain lactate, 
nirvanin, holocain hydrochloride, acain, or tho form (new), and 
anesthesine. By a few simple experiments the above field was 
limited to stovain, novoeain, tropaeocain, and beta-eucain 
lactate. With further experimentation they concluded that novo-
cain was the most satisfactory for general use. They write, 
II Its anesthetic action is equal to that of cocain and its tox-
icity and general destructive power on the tissues are very 
much less."(42) 
Cocain has been largely abandoned as a suitable drug for 
spinal anesthesia because of its high toxicity but it is now 
used as a standard to gage the toxicity of the other drugs. It 
is twice as toxic as tropacoca1n, seven times more toxic than 
novocain, and six times more toxic than stovain. The resulting 
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analgesia with cocain however, is more profound, and lasts 
longer with correspondingly moderate dosage. (32) 
Eucain has been discarded because it produces a"patehy" 
analgesia and alypin likewise has been discarded beoause it 
depresses respiration. (32) 
Tropacoeain hydrochloride is one-half as toxic as cocain 
but produces an anesthesia of shorter duration. It must be 
used in fairly concentrated solution and has been discarded be-
cause of its high toxicity and rather uncertain analgesia. (44) 
The drug was isolated from the leaves of Java coea in 1891 by 
Giesel. Liebermann prepared the aldaloid synthetically in 1892, 
and it was quite popular in Germany for years. (32) Erhardt 
adds gum arabic to tropacooain in a dosage of three per cent 
gum to one percent tropacooain solution claiming the drug is 
then less toxic and the analgesia prolonged. He believes the 
drug is less toxic because absorption is delayed and there is 
less immediate eontact with central nervous structures. (32) 
Stovain was discovered in 1904 by Forneau and made popular 
in 1906 by Barker. This drug is powerful and produces marked 
muscular relaxation but is quite irritating to the connective 
, 
tissue and nerve fibers. Severe headaches are not infrequent 
after its use. Furthermore, it deteriorates rapidly and must 
be kept in special containers. (44) Barker added glucose to 
the solution to have a high specific gravity, believing it would 
be possible to localize the analgesia. Jonnesco adds strychnin 
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to the solution of stovain. Babcock uses a stovain solution 
of lighter specific gravity than the cerebro-spinal fluid. 
Novocain is a German product. Sal ts of identical chemical 
formula are prepared in different countries under various 
names: pro cain, in America: syncain t scurocain, neocain, etc. 
in France. The dose i~ usually one centigram for each fifteen 
pounds of body weight. (40) Leake (41) writes, " It is yet to 
be satisfactorily demonstrated, not only pharmacologically and 
clinically but also from the standpoint of expenee, that for in-
filtration and spinal anesthesia or nerve block a better local 
anesthetic is available than pro cain. " This is in accord with 
the above quoted opinion of the Therapeutic Committee of the 
British Medical Association. (42) 
Pitkin (51) with the aid of Charles W. Hooper introduced 
spinocain which is composed of pro cain hydrochloride and stry-
chnin sulphate and has a lower specific gravity than the cerebro-
spinal fluid. Although this drug has enjoyed wide popularity, 
it is employed less and less because of many accidents, probably 
due to errors in technique with this low specific gravity sol~tion. 
Marvin (44) writes, "Pantocain offers everything that pro-
caine hydrochloride will accomplish and has the advantage that 
it does not lower the blood pressure as does pro~aine. Further-
more, clinically, it is apparently less toxic than procaine 
hydrochloride, besides producing a longer and more satisfactory 
anesthesia. " Yeager (60) found the average fall in systolic 
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pressure for pantocain was eight to ten millimeters of mercury 
while novo cain was eighteen to twenty millimeters of mercury. 
The diastolic pressure remained practically unchanged. Panto-
cain produced a longer anesthesia than did novocain. He writes, 
"Where prolonged spinal anesthesia is indicated, it (pantocain) 
is, I believe, one of the nearest approaches to the ideal." He 
found this to be especially true for lower abdominal and lower 
extremity operations. 
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